Amplified restriction fragment polymorphism (AFLP) is a PCR-based DNA fingerprinting technique. In AFLP analysis, bacterial genomic DNA is digested with restriction enzymes, ligated to adapters, and a subset of DNA fragments are amplified using primers containing 16 adapter defined sequences with one additional arbitrary nucleotide. Polymorphisms of different Escherichia coli strains or Agrobacterium tumefaciens strains were demonstrated as distinct, unique bands in a denaturing sequencing gel using AFLP. The polymorphisms detected between BL21 and BL21F′IQ and between DH5α and DH5αF′IQ strains indicated that AFLP is able to resolve differences in F′ episomal DNA (∼100 kb).
DNA fingerprinting techniques such as restriction fragment length polymorphism (RFLP) and random primer polymorphism amplification detection (RAPD) have been described as powerful molecular typing methods for microorganisms (1) . RFLP requires large amounts of genomic DNA, defined nucleic acid probes and laborious hybridization procedures. The performance of RAPD is also sensitive to many factors such as selection of primers, magnesium concentration in the PCR buffers and the thermocycler used for PCR (2) .
A novel PCR based plant molecular marker, amplified restriction fragment polymorphism (AFLP) overcomes many of the problems of RFLP and RAPD. AFLP has been used to establish genetic linkage maps and to localize disease resistant genes (3,4). There are three major steps in the AFLP procedure: (i) restriction endonuclease digestion of genomic DNA and the ligation of specific adapters; (ii) amplification of the restriction fragments by PCR using primer pairs containing common sequences of the adapter and one to three arbitrary nucleotides; (iii) analysis of the amplified fragments using gel electrophoresis. The combination of different restriction enzymes and the choice of selective nucleotides in the primers for PCR make AFLP a useful new system for molecular typing of microorganisms.
In this paper, we used AFLP to analyze different strains of Escherichia coli and Agrobacterium tumefaciens. Genomic DNA was isolated from bacterial cultures using lysozyme and detergent (1) . AFLP reagents were GIBCO BRL brand, and AFLP assays were performed following the recommendation of the manufacturer. Briefly, 500 ng of genomic DNA was digested with EcoRI and MseI, and ligated with EcoRI and MseI adapters. For preselective amplification, 5 µl of a 10-fold diluted ligation mixture was amplified for 20 cycles of 94_C for 30 s, 56_C for 60 s, 72_C for 60 s using EcoRI+0 (5′-GACTGCGTACCAAT-TC-3′) and MseI+0 (5′-GATGAGTCCTGAGTAA-3′) primers. After EcoRI primers with one selective nucleotide were 32 P-labeled using the T4 polynucleotide kinase, 0.5 µl of 32 P-labeled EcoRI primers were mixed with 5 µl of 50-fold diluted preamplified DNA, PCR buffer, and the MseI primers with one selective nucleotide. For selective amplification, the mixtures were amplified using EcoRI+N and MseI+N primer pairs for one cycle of 94_C for 30 s, 65_C for 30 s, 72_C for 60 s, then lowering the annealing temperature 0.7_C each cycle for 12 cycles; and then 23 cycles of 94_C for 30 s, 56_C for 60 s, 72_C for 60 s. After adding the sequencing loading buffer, the samples were heated at 90_C for 3 min, and 2.5 µl of the samples were electrophoresed in a 5% polyacrylamide sequencing gel with 7.5 M urea. The gel was dried and exposed to X-ray film.
In AFLP, the number of polymorphic bands is determined by the complexity of the genome and the number of choices of selective nucleotides at the 3′ end of the restriction enzyme primers (2,3). Using EcoRI and MseI primers containing one selective nucleotide for E.coli and A.tumefaciens resulted in 20-50 DNA bands on a denaturing sequencing gel (Fig. 1) as seen with AFLP in different plants. A few AFLP polymorphic bands were demonstrated among different E.coli strains such as HB101, W, BL21 and DH5α in a single AFLP reaction. Interestingly, polymorphic DNA bands were shown between BL21F′IQ and BL21 as well as between DH5αF′IQ and DH5α using EcoRI+A and MseI+C primers. Since the F′IQ is the only difference between the isogenic strains of BL21F′IQ and BL21, and between DH5αF′IQ and DH5α (Dr Fred Bloom, Life Technologies, Inc., personal communication), these polymorphic bands demonstrate that AFLP is able to differentiate DNA fragments as small as 100 kb. Furthermore, the additional polymorphic band detected by AFLP in BL21F′IQ, but not in DH5αF′IQ, may indicate the difference of the F′IQ origin between DH5αF′IQ (F′proAB + lacI q Z∆M::Tn5[km r ]) and BL21F′IQ (F′proAB + lacI q Z∆M::Tn10[tet r ]).
Genomic DNAs isolated from A.tumefaciens octopine-like strain LBA4404 and napoline-like strains C58 and EHA101 were analyzed by AFLP. As in E.coli, only a few AFLP polymorphic bands were observed between C58 and EHA101. Surprisingly, significant numbers of polymorphic bands were observed between LBA4404 and C58 (Fig. 2) . The production and usage * To whom correspondence should be addressed of opine and the pathogenesis between A.tumefaciens and hosts are critical for the classification of A.tumefaciens. However, these characteristics are primarily determined by the Ti plasmid instead of the bacterial chromosomal DNA (5). In AFLP, the polymorphism of different A.tumefaciens strains are based on the bacterial chromosomal DNA instead of the Ti plasmid DNA. Therefore, analysis of strains using AFLP constitutes a better molecular typing system than a system based on phenotypic determination using the Ti plasmid.
